P ercutaneous coronary intervention (PCI) is a common and established therapy for coronary artery disease. Drugeluting stents have been shown to reduce neointimal hyperplasia and restenosis in stent segments. However, restenosis in reference segments adjacent to the proximal and distal border of the stent (so-called stent edge restenosis [SER]) remains a potential limitation of drug-eluting stents. 1 Stenting from normal to normal is effective to minimize SER. However, the reference segments are rarely normal. Especially in diffuse disease, it is difficult to determine appropriate plaque-free reference segments for stent landing. Previous intravascular ultrasound studies have disclosed that greater residual plaque burden and stent overexpansion are associated with SER. 2, 3 Optical coherence tomography (OCT) is a high-resolution (10-20 μm) intravascular imaging technique that uses near-infrared light to create images. An excellent contrast between lumen and vessel wall in OCT allows accurate lumen measurements. 4 Tissue characterization by OCT enables us to identify 3 types of coronary plaques such as lipid, fibrous, and fibrocalcific. 5 In addition, OCT has a high sensitivity for detection of suboptimal stent findings such as intrastent tissue protrusion, incomplete stent apposition, stent edge dissection, and intrastent thrombus. 4 Recently, OCT is becoming increasingly widespread as a clinical tool to guide PCI. The aim of this study was to determine OCT predictors for angiographic SER after everolimus-eluting stent implantation.
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Methods
Study Populations and PCI Procedure
This is a retrospective study at Wakayama Medical University Hospital. From November 2010 to February 2013, 463 patients underwent PCI for de novo native coronary artery lesions. Of these, 319 patients who underwent (1) PCI with everolimus-eluting stent (Xience V/Xience Prime; Abbott Vascular, Santa Clara, CA), (2) OCT assessment at post PCI, and (3) scheduled follow-up angiography 9 to 12 months after the index procedure were selected for analysis ( Figure 1 ). The selected patients had 382 stent-treated lesions. There were 20 stent-treated lesions (13 proximal and 7 distal stent edge segments) inadequate for analysis because the stent was adjacent to major side branch or ostium of coronary artery. Therefore, a total of 744 stent edge segments (369 proximal and 375 distal stent edge segments) were analyzed in the present study. General exclusion criteria of OCT imaging were cardiogenic shock, chronic renal failure without hemodialysis, or extremely tortuous vessels. The present study was approved by the institutional review board, and written informed consent was obtained from all patients.
OCT Image Acquisition
C7-XR/ILUMIEN OPTIS (St Jude Medical, St Paul, MN) or LUNAWAVE (Terumo, Tokyo, Japan) was used in the present study.
After a Z-offset adjustment, an OCT image catheter was advanced distally to the stent-treated lesion over a 0.014-inch conventional angioplasty guidewire. After the catheter placement, preheated contrast media at 37 °C (Omnipaque 350 Injection; Daiichi Pharmaceutical, Tokyo, Japan) was flushed through the guiding catheter at a rate of 2 to 4 mL/s for ≈3 to 6 seconds using an injector pump (Mark V; Medrad, Warrendale, PA). When a blood-free image was observed, the OCT imaging core was withdrawn at a rate of 20 or 40 mm/s using the stand-alone electronic control of the pullback motor. The OCT images were stored digitally for subsequent analysis.
OCT Analysis
The OCT images were analyzed by an experienced investigator (Y.M.) who was blinded to the clinical information, PCI procedure characteristics, and angiographic findings. The OCT analysis was performed using dedicated off-line review systems with semiautomated contour-detection software (St Jude Medical or Terumo). The Z-offset was adjusted again before the OCT analysis. The target for OCT analysis was the stent borders and stent edge segments. Stent borders were defined as the first and last cross-sections of the stent segment where struts could be seen in all 4 quadrants of the image. Stent edge segments were defined as the 5-mm reference segments adjacent to the stent borders, both distally and proximally.
In the stent edge segments, dominant plaque tissue characteristics were determined by visual screening. Lipidic plaque was characterized by a signal-poor region with diffuse border, fibrotic plaque by a homogeneous signal-rich region, and fibrocalcific plaque by a welldelineated, signal-poor region with sharp border. 5 Normal vessel was characterized by a 3-layered architecture comprising the evidence of intimal, medial, and adventitial layers with an intimal thickness <250 μm. 5 Largest lipid arc and thinnest fibrous cap thickness were measured in candidate cross-sections selected by visual screening. Thin-cap fibroatheroma was defined as a lipidic plaque with minimum fibrous cap thickness <65 μm. 5 Macrophage accumulation was defined as a high-intensity, signal-rich linear region with sharp attenuation. 5 Microvessel was defined as a no-signal tubuloluminal structure without a connection to the vessel lumen recognized on ≥3 consecutive cross-sections. 5 Dissection was defined as a disruption of the arterial lumen surface in the stent edge segments. 4 Incomplete stent apposition was defined as a strut with a distance between the center of the strut blooming and the adjacent lumen border >100 μm at the stent borders. 4 Tissue protrusion was defined as a prolapse of tissue between stent struts extending inside a circular arc at the stent borders. 4 Intraobserver and interobserver variability for plaque tissue characteristics, the presence of thin-cap fibroatheroma, macrophages, microvessels, dissection, incomplete stent apposition, and tissue protrusion were assessed in the randomly selected 40 stent-treated lesions with 80 stent edge segments and showed excellent concordance
WHAT IS KNOWN
• Several clinical and angiographic factors have been identified that are associated with restenosis after stent implantation.
• Little data are available about stent edge restenosis.
WHAT THE STUDY ADDS
• The present optical coherence tomography study demonstrated that lipid plaque and minimum lumen area in the stent edge segments at post percutaneous coronary intervention were associated with late stent edge restenosis.
• Optical coherence tomography-measured lipid arc of 185° and minimum lumen area of 4.10 mm 2 in stent edge segment were values for predicting ischemiadriven stent edge restenosis. 
Coronary Angiography
Coronary angiography was performed in the standard manner. Coronary angiographic analysis was performed using a commercially available system (CAAS-5; Pie Medical, Maastricht, The Netherlands) by an experienced investigator (T.Y.) who was blinded to the clinical information, PCI procedure characteristics, and OCT findings. The lesion morphology was classified according to American College of Cardiology/American Heart Association classification. 6 On quantitative coronary angiographic analysis, the reference lumen diameter, minimum lumen diameter, percent diameter stenosis [(1−minimum lumen diameter/reference lumen diameter)×100] and lesion length were calculated in the lesions at pre PCI and in the stent segments and stent edge segments at post PCI. Binary SER was defined as percent diameter stenosis >50% in the stent edge segments at follow-up. Ischemia-driven SER was defined as percent diameter stenosis >50% and angina or angiographic percent diameter stenosis >70% in the stent edge segments at follow-up. In-stent restenosis was defined as percent diameter stenosis >50% within the stent at followup, and the patterns of restenosis were determined using the Mehran classification. 7
Statistical Analysis
Statistical analysis was performed with JMP 12.2 (SAS Institute, Cary, NC). Categorical variables were presented as frequencies, with comparison using χ 2 statistics or Fisher exact test (if the expected cell value was <5). Continuous variables were presented as the mean±SD and were compared using unpaired Student t tests. The Cochran-Armitage trend test was used to examine the frequency of SER by lipid arc in the stent edge segment at post PCI. Multiple logistic regression analysis was performed to determine independent OCT predictors for binary SER. The parameters with P<0.2 in univariate analysis were enrolled: lipidic plaque, tissue protrusion, minimum lumen area in stent edge segment, stent area at stent border, and ratio of stent area at stent border to averaged lumen area in stent edge segment. The following parameters with P<0.2 were excluded: macrophages and microvessels, as it is directly related to lipidic plaque; and averaged lumen area in stent edge segment, as it is directly related to ratio of stent area at stent border to averaged lumen area in stent edge segment. Receiver-operating characteristic curves were analyzed to determine the optimal cutoff value of the OCT parameters for predicting ischemia-driven SER by using MedCalc Software (MedCalc, Mariakerke, Belgium). A P value <0.05 was considered statistically significant. 
Results
Patient Clinical Characteristics
Angiographic Findings and Procedural Characteristics
Angiographic findings in the lesions/stent segments and procedural characteristics are shown in Table 2 . Angiographic findings in the lesions at pre PCI and stent segments at post PCI and procedural characteristics were not different between the 2 groups except for the number of stent per lesion (1.3±0.6 versus 1.1±0.4; P=0.011). In-stent diameter stenosis at follow-up was significantly greater in the SER group compared with the non-SER group (26±25% versus 9±7%, P<0.001).
Angiographic findings in the stent edge segments are shown in Table 3 . Minimum lumen diameter in the stent edge segments at post PCI (2.23±0.64 versus 2.53±0.56 mm; P=0.004) and follow-up (1.17±0.34 versus 2.53±0.51 mm; P<0.001) were significantly smaller in the SER group compared with the non-SER group.
OCT Findings
The OCT findings in the stent edge segments at post PCI are shown in Table 4 . The plaque tissue characteristics were significantly different between the SER group and the non-SER group (P<0.001). Lipidic plaque was more often seen in the SER group compared with the non-SER group (61% versus 20%; P<0.001). The frequency of SER was significantly higher in lipidic plaque compared with fibrous plaque, fibrocalcific plaque, and normal vessel ( Figure 2 ). Lipid arc was significantly greater in the SER group compared with the non-SER group (213±69 versus 163±57°; P<0.001). The frequency of the SER was significantly higher in the stent edge segment with greater lipid arc ( Figure 3 ). The fibrous cap thickness in the lipidic plaque was comparable between the 2 groups (189±90 versus 203±76 µm; P=0.483). The frequency of thincap fibroatheroma was not different between the 2 groups. Macrophages (45% versus 20%; P<0.001), and microvessels (52% versus 22%; P<0.001) were more frequently observed in the SER group compared with the non-SER group. The Values are given as n (%) or mean±SD. PCI indicates percutaneous coronary intervention; and SER, stent edge restenosis. OCT Predictors for Stent Edge Restenosis frequency of dissection, incomplete stent apposition, and tissue protrusion at stent border was not different between the 2 groups. Minimum lumen area (4.13±2.61 versus 5.58±2.46 mm 2 ; P=0.001) and averaged lumen area (4.83±2.26 versus 6.11±2.44 mm 2 ; P=0.003) in the stent edge segments and stent area at the stent border (6.17±2.72 versus 7.18±2.46 mm 2 ; P=0.022) were significantly smaller in the SER group compared with the non-SER group. The ratio of stent area at stent border to averaged lumen area in the stent edge segment was significantly greater in the SER group compared with the non-SER group (1.34±0.34 versus 1.23±0.28; P=0.031). A representative case with SER is demonstrated in Figure 4 .
OCT Predictors for Binary SER
Multiple logistic regression analysis revealed that lipidic plaque (odds ratio=5.99; 95% confidence interval=2.89-12.81; P<0.001) and minimum lumen area (odds ratio=0.64; 95% confidence interval=0.42-0.96; P=0.029) in the stent edge segments at post PCI were independent predictors of binary SER.
Optimal OCT Cutoff Values for Predicting Ischemia-Driven SER
Twenty-two of 33 binary SER were ischemia-driven SER, which were treated with PCI (17 edge segments) or coronary artery bypass grafting (4 lesions with 5 edge segments).
Receiver-operating characteristic analysis demonstrated that lipid arc of 185° (sensitivity=71%; specificity=72%; area under the curve=0.761) and minimum lumen area of 4.10 mm 2 (sen-sitivity=67%; specificity=77%; area under the curve=0.787) in the stent edge segments at post PCI were optimal cutoff values for predicting ischemia-driven SER ( Figure 5 ).
Discussion
The main finding of the present study was that lipidic plaque and minimum lumen area in the stent edge segments at post PCI were associated with late SER. This is the first report, to our knowledge, to disclose the potential OCT predictors of SER.
Conventional Risk Factors for SER
SER arises from a combination of negative vessel remodeling, disease progression, and neointimal hyperplasia. 8 Major factors implicated in SER are inadequate stent implantation procedure and residual disease in the stent edge segments. [1] [2] [3] 9 An angiography trial revealed that the longitudinal geographic miss (diseased or balloon-injured segment not covered by stent) was associated with increased risk of target vessel revascularization mostly because of focal restenosis at the stent edges. 9 Several intravascular ultrasound studies disclosed that a larger plaque burden, smaller lumen in the edge segment at post PCI, and greater step-up index (ratio of stent border to reference minimum lumen area) were important risk factors for SER. [1] [2] [3] Subsequently, the present OCT study validated the results from those intravascular ultrasound studies. Although the plaque burden and vessel remodeling could not be assessed by OCT because of its relatively shallow penetration depth, the lumen and stent areas in the stent edge segments at post PCI predicted SER after everolimus-eluting stent implantation.
Impact of Lipidic Plaque on SER
The association between lipidic plaque and plaque progression is supported by several pathohistological and clinical studies. [10] [11] [12] [13] Autopsy studies have shown that fibroatheroma with large lipid-rich necrotic core represent a high-risk phenotype for fatal coronary events. 10 Angioscopic studies have demonstrated that the yellow color intensity of plaque, which is correlated with lipid size, reflects plaque vulnerability. 11 A pivotal, virtual histology, intravascular ultrasound study revealed that nonculprit lesions with large necrotic core and thin fibrous cap were responsible for unanticipated coronary events. 12 A previous OCT study disclosed that lipidic plaque was frequently identified in baseline nonculprit lesions with subsequent angiographic progression of luminal stenosis. 13 In the present study, the progressive nature of lipidic plaque was also observed in the residual lesions in the stent edge segments.
Impact of Macrophages and Microvessels on SER
Considering the interaction with lipidic plaque, the present study excluded macrophages and microvessels from the multivariable analysis to determine OCT predictors for SER. However, those findings are considered to be associated with plaque progression. 13 The presence of macrophages, a marker of local inflammation, is highly relevant from a clinical stand point. Alternatively, the presence of microvessels is the key factor for a pathophysiological stand point. The OCT assessment of macrophages and microvessels may provide additive and important information to predict SER.
Clinical Implications
To minimize the incidence of SER, the longitudinal positioning of the stent is considered to be critically important. Figure 2 . Plaque tissue characteristics in stent edge segments at post percutaneous coronary intervention (PCI) and frequency of stent edge restenosis (SER) at 9-to 12-mo follow-up. The frequency of SER at 9-to 12-mo follow-up was significantly different among the segments with lipidic plaque, fibrotic plaque, fibrocalcific plaque, and normal vessel at post PCI in overall stent edge segments (A; P<0.001), proximal stent edge segments (B; P<0.001), and distal stent edge segments (C; P=0.010). In addition, the frequency of SER was significantly higher in lipidic plaque compared with nonlipidic plaque including fibrotic plaque, fibrocalcific plaque, and normal vessel in overall stent edge segments (A; P<0.001), proximal stent edge segments (B; P<0.001), and distal stent edge segments (C; P=0.009). However, in cases with diffuse disease, it is challenging to unequivocally determine the optimal landing zone of the stent by angiographic guidance. In addition, although a complete coverage of diffuse disease is one of the strategies for prevention of SER, multiple long stent implantation may lead to a high incidence of periprocedural myocardial infarction and late stent thrombosis. 14, 15 In the present study, we proposed new OCT criteria for stent landing zone to minimize SER. Even in cases with diffuse disease, there might be some segments with an OCT-measured lipid arc of <185°, which could be used for a stent landing zone. However, we warn that this criterion was obtained by a retrospective, observational study. Therefore, a further prospective, randomized study is needed to investigate whether OCT-guided PCI using our criteria can prevent SER and improve clinical outcomes.
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Study Limitations
The present study has several limitations. First, the present study was a retrospective single-center study. Hence, there may be a selection bias. Second, it was not analyzed whether geographic miss and edge dissections were not related to or predictive of SER, because those classic risk factors of SER were identified by OCT and treated at the operator's decision during PCI. Third, in the OCT analysis, lipidic plaque was often accompanied by macrophage accumulation, which might affect lipid arc measurements. Fourth, the OCT analysis was conducted without an external core laboratory. The analysis done by a single observer may lack generalizability, and we acknowledge the risk of unintentional unblindness in the analysis. Fifth, some caution might be required for interpreting the analyses, because both stent edges were not independent and more than one lesion per patient were included in the analysis, which may induce double-layered random effects. Finally, OCT data at follow-up were not available. Further study with serial OCT examination between post PCI and follow-up is needed to evaluate the process leading to SER.
Conclusions
The present OCT study demonstrated that lipidic plaque and minimum lumen area in the stent edge segments at post PCI were associated with late SER. OCT provides valuable information to determine an appropriate landing zone for stent implantation. 
